
Thanks a lot to Anonymous Referee #3 for your suggestions for our manuscript, which are all

important in improving our manuscript. Below are our responses to the comments”. The text

highlighted in blue in the response file indicates the content that will be added or revised in the

amended manuscript.

#Major comments

-About the comment (1): Clarification of knowledge gap and novelty. The introduction would benefit

from a clearer articulation of the specific knowledge gap addressed by this study. High‑frequency

observations appear to be the primary advance, yet prior observational frequencies and their

limitations are not explicitly discussed. Clearly contrasting the temporal resolution of previous studies

with the present work would help establish novelty.

-Response: Thanks for your good suggestion. Yes, high-frequency observations are indeed a key

feature and innovation of this study, and we sincerely appreciate the reviewer for highlighting this point,

which was not sufficiently emphasized in our original manuscript. By employing high-frequency

continuous monitoring, this study systematically identifies the monthly variability of LGD and its

associated nitrogen and phosphorus input fluxes in a closed lake, as well as the underlying controlling

mechanisms. In response to this comment, we will revise the Introduction to explicitly highlight the

importance and novelty of high-frequency observations in resolving LGD dynamics.

To ensure consistency with the original Introduction, this content will be incorporated into the second

paragraph of the Introduction.

“Although previous studies have made progress, understanding of LGD dynamics at the monthly scale

remains limited due to insufficient observational frequency. Most existing studies focus on extreme

hydrological periods (wet and dry seasons) or adopt seasonal observations, thus lacking monitoring at

higher temporal resolution. However, the responses of lake and groundwater levels to precipitation and

evaporation typically occur on monthly timescales, making it difficult for low-frequency or seasonal

observations to adequately capture the processes by which water-level variations regulate LGD.”

-About the comment (2): Interpretation and mechanistic understanding. Many sections in the Results

and Discussion read as descriptive summaries of observations rather than analyses of underlying



mechanisms. Stronger interpretation is needed to explain why observed patterns occur, rather than

simply documenting that they occur. This is particularly important for linking meteorological forcing,

hydraulic gradients, LGD rates, and nutrient dynamics.

-Response: Thanks for your good suggestion. We understand the concern that some parts of the Results

and Discussion place greater emphasis on descriptive summaries of observed phenomena, while the

underlying controlling mechanisms may require further clarification.

In this manuscript, the Results and Discussion are not strictly separated, which reflects the

data-driven nature of this study based primarily on high-frequency field observations. Because the

main conclusions rely heavily on first-hand observational data, directly presenting and comparing the

observations provides intuitive and robust evidence to support our interpretations and facilitates

understanding of the underlying mechanisms. Within this framework, the Results and Discussion are

organized using a progressive structure that moves from phenomenon identification to mechanistic

interpretation, rather than serving as purely descriptive reporting.

Specifically, the logical structure of each subsection is as follows. In Section 3.1, we first identify

and verify the monthly variability of LGD, representing a qualitative identification stage. Section 3.2

then provides quantitative estimates of LGD rates during different periods, constituting a quantitative

characterization stage. In Section 3.3, we focus on the mechanisms by which the

precipitation–evaporation balance regulates lake and groundwater levels, alters hydraulic gradients, and

ultimately controls LGD rates, representing an in-depth analysis of the key driving processes. Section

3.4 further examines the relationships between LGD-derived nitrogen and phosphorus input fluxes and

corresponding changes in lake-water nutrient concentrations, and reveals the response of Chl a to

nutrient inputs, reflecting the ecological response of lake trophic status to LGD-driven nutrient loading.

Finally, in Section 3.5, we synthesize our findings in the context of previous studies and provide

several broader implications.

Therefore, overall, although the Results and Discussion are presented in a combined section, the

structure remains clear: Sections 3.1 and 3.2 primarily present the results; while data are shown, they

are not merely listed, and we also discuss the causes of observed variations. Sections 3.3 and 3.4 focus

on analyzing the underlying controlling mechanisms, and Section 3.5 summarizes the broader

implications of the study. Thus, the Results and Discussion do not simply record observational patterns,

but systematically reveal a complete chain of processes: meteorological factors drive changes in



precipitation and evaporation, which regulate lake and groundwater levels, alter lake–groundwater

hydraulic gradients, influence LGD intensity and its associated nitrogen and phosphorus fluxes, and

ultimately modify lake nutrient concentrations and affect Chl a levels.

We also acknowledge that the mechanistic explanation in Section 3.3—specifically regarding how

precipitation and evaporation affect lake–groundwater levels, hydraulic gradients, and subsequently

LGD rates—may not be sufficiently intuitive due to necessary condensation of the text. In response to

this issue, and following the suggestion of Reviewer 2, we have added a conceptual diagram to

facilitate clearer understanding of the mechanisms by which meteorological factors control LGD

variability.

We have developed a conceptual model illustrating the mechanisms by which precipitation and

evaporation influence LGD rates.

Figure 5. Conceptual model illustrating the mechanisms by which precipitation and evaporation
influence LGD rates. Red upward arrows and blue downward arrows indicate increasing and

decreasing trends of the corresponding parameters, respectively.

-About the comment (3): Generalization of findings. Several statements extend the conclusions to a

global context of closed lakes. Given the strong dependence of LGD on local hydrogeology, climate,

and landscape setting, the manuscript should more carefully justify the scope of generalization or

clearly acknowledge its limitations.

-Response: Thanks for your good suggestion. We fully agree with the your comment that LGD

processes are highly dependent on local hydrogeological conditions, climatic context, and landscape

patterns. This point is also strongly supported by our experience: variations in climate type, topography,

hydrogeological conditions, human activity patterns and intensity, as well as surface hydrological



characteristics, all influence the seasonal dynamics of LGD. Under the combined effects of these

factors, the peak LGD rate may occur in any season. Systematically summarizing these patterns is of

significant scientific value, which is why we are currently conducting a related study; however, such

work requires additional multi-seasonal, quantitative LGD observations.

At the same time, we consider that, regardless of how LGD varies across seasons, the nitrogen and

phosphorus inputs it carries remain important drivers of lake nutrient status, affecting lake nitrogen and

phosphorus concentrations and N/P ratios to varying degrees in the corresponding seasons. This

influence may be more pronounced in closed lakes where external nutrient inputs are limited. Therefore,

even if the seasonal pattern of LGD differs from that observed in our study, LGD can still deliver

nitrogen and phosphorus to lakes, thereby exerting an effect on lake nutrient status.

However, we acknowledge that the relevant points presented in the “Implications” section of the

manuscript should indeed be framed with appropriate limitations and clarified in terms of their scope of

applicability. In the revised manuscript, we will include a statement explicitly addressing these

limitations.

-About the comment (4): Discussion of implications. The implications section should be strengthened

by explicitly connecting the high‑frequency observations to new conceptual or management insights.

Emphasis should be placed on what is newly learned about closed‑lake systems that could not be

resolved with lower‑frequency sampling.

-Response: Thanks for your good suggestion. Yes, we fully agree with this comment.We will revise

Section 3.4 to emphasize the role of high-frequency observations as an important approach for

quantifying LGD.

“3.4.1 Advantages of high-frequency observations in LGD research

Traditional low-frequency sampling (e.g., single or quarterly measurements) has difficulty

capturing short-term variations in LGD and its coupling with short-term meteorological conditions and

water-level fluctuations. High-frequency observations can capture LGD responses to environmental

factors such as meteorology and water temperature over relatively short timescales, and provide

higher-resolution hydrological time series, thereby supplying reliable data for accurate estimation of

LGD rates. In addition, high-frequency observations can record the short-term contributions of LGD to

lake N and P inputs, enabling more precise flux assessments, avoiding biases associated with



low-frequency sampling, and revealing the response relationships between LGD and Chl a

concentrations or algal bloom events. Based on high-frequency data, LGD predictive models that

account for the coupling of meteorological and hydrological factors can also be developed. Therefore,

in LGD research, high-frequency observations are of significant value for accurately quantifying the

impacts of groundwater on lake aquatic ecosystems and should be given priority.”

#Specific comments

-About the comment (5): Line 17: Please clarify between which seasons the reported increase and

subsequent decline in LGD were observed.

-Response: Thanks for your good suggestion. We have revised this sentence to emphasize the seasons

during which LGD rates increase and decrease.

“Water level data and 222Rn tracing revealed a seasonal LGD pattern characterized by an increase from

summer to winter, followed by a decline from winter to spring, with LGD rates ranging from 35.36 to

51.71 mm·d-1.”

-About the comment (6): Lines 22 and 40: The manuscript generalizes findings to a global

perspective. Please clarify how such generalization is justified given variability in climate,

hydrogeology, and lake morphology among closed lakes.

-Response: Thanks for your good suggestion. As you pointed out, it is essential to summarize this

study together with a few other relevant cases and discuss its rationale for global applicability.

During the preparation of the original manuscript, we may have overlooked a key factor—shallow

lakes. The referenced studies all focus on shallow lakes, where the nitrogen and phosphorus carried by

groundwater contribute relatively more to the lake’s nutrient pool or are less diluted by lake water,

making the role of groundwater more pronounced. Based on this, we will explicitly specify in the

manuscript title and text that the lakes considered are “closed shallow lakes.”

Regarding the rationale for extending this study to a global context, we provide the following

explanations:

(1) Representativeness of physical and hydrological conditions

HW Lake and other reviewed cases are typical closed shallow lakes, with limited or negligible

exchange with surface water, making LGD the main source of hydrological input. Globally, many



closed or semi-closed lakes (e.g., closed lakes on the North American Great Plains, inland lakes in

Africa and Central Asia) share similar characteristics and may also be strongly influenced by LGD.

Therefore, the LGD monitoring methods and water quality analysis framework established in this study

are highly applicable to lake systems with similar physical and hydrological conditions.

(2) Universality of ecological and nutrient cycling mechanisms

Our study on HW Lake reveals that LGD regulates the spatial distribution of nitrogen, phosphorus,

chlorophyll a, and algal growth. Closed lakes generally have long water residence times and relatively

stable exchange between sediments and overlying water, which amplifies the role of groundwater in

nutrient cycling and ecological succession. Accordingly, the mechanisms by which LGD influences

nutrient structure and ecological status can be extended to other similar closed lakes, particularly those

with pronounced seasonal climate variability and a high proportion of shallow areas.

We plan to integrate the above discussion into the “Implications” section of Section 3.4 and to

condense it in the abstract, as you suggested.

“A large number of typical closed shallow lakes similar to the studied cases exist worldwide, and

therefore, the regulatory role of LGD on lake nutrient status revealed in this study can be reasonably

extended to other closed shallow lake systems.”

-About the comment (7): Line 41: Since observational frequency is a key advance, please explicitly

state the sampling frequencies used in prior studies and how they limit interpretation.

-Response: Thanks for your good suggestion. Here, we examine the sampling frequencies used in

previous studies and how they constrain the interpretation of the findings. We will insert it at the

corresponding location in the main text.

“Although previous studies have made progress, understanding of LGD dynamics at the monthly scale

remains limited due to insufficient observational frequency. Most existing studies focus on extreme

hydrological periods (wet and dry seasons) or adopt seasonal observations, thus lacking monitoring at

higher temporal resolution. However, the responses of lake and groundwater levels to precipitation and

evaporation typically occur on monthly timescales, making it difficult for low-frequency or seasonal

observations to adequately capture the processes by which water-level variations regulate LGD.”

-About the comment (8): Lines 48–55: The transition from water balance to nutrient transport would



be improved by first emphasizing the importance of LGD as a nutrient pathway, then introducing prior

nutrient‑flux studies and their temporal limitations.

-Response: Thanks for your good suggestion. We have revised this paragraph by adding a transitional

sentence at the beginning:

“In existing studies, groundwater is regarded not only as an important source of lake water recharge,

but also as a major contributor of nitrogen and phosphorus inputs to lakes. For example, ...”

-About the comment (9): Lines 58–61: The relevance of these statements is unclear. Please clarify

how they motivate the present study.

-Response: Thanks for your good suggestion. We combined previous research findings with the local

research context to introduce the representativeness and importance of the study area in a more direct

and concise manner. Accordingly, the introductory statement was revised to: “The middle Yangtze

River plain is characterized by a high density of lakes, and previous studies have shown that lakes of

different types commonly exhibit groundwater discharge processes of varying intensities, along with

associated nitrogen and phosphorus input fluxes.”

-About the comment (10): Line 63: The abbreviation “HWL” is not intuitive. Consider using “HW

Lake” or spelling out the full name more frequently.

-Response: Thanks for your good suggestion. We agree with your comment, and we will revise the

manuscript throughout by replacing “HWL” with “HW Lake.”

-About the comment (11): Line 86: Please clarify the hydrological or geomorphological implication

of a slope less than 0.0001.

-Response: Thanks for your good suggestion. A terrain slope lower than 0.0001 generally indicates an

extremely flat plain with very limited surface runoff formation. In the absence of artificial channel

connectivity, gravity-driven surface runoff is almost negligible, and precipitation primarily infiltrates or

remains stagnant rather than forming effective directed flow. Under such ultra-flat conditions, the water

level gradient, rather than terrain slope, becomes the key factor controlling groundwater-lake water

exchange. We plan to condense this sentence and incorporate it into the revised text.



The following content will be incorporated into the revised manuscript:

“This indicates that, except for runoff through artificial channels, surface runoff generated by other

precipitation is almost negligible, and the water level gradient, rather than the terrain slope, becomes

the key factor controlling groundwater-lake water exchange.”

-About the comment (12): Line 91: Consider explicitly stating that the water‑level fluctuation is large,

with the 8 m variation provided as quantitative evidence.

-Response: Thanks for your good suggestion. We plan to revise this description as follows: “In a

typical hydrological year, HWL experiences substantial water level fluctuations between the wet and

dry seasons, with a magnitude of up to 8 m.”

-About the comment (13): Line 95: If the 50–80 m aquifer thickness is not shown in Figure 1, please

clarify this in the figure or its caption.

-Response: Thanks for your suggestion. We will include the following note in Figure 1: “...(c)

hydrogeological cross-section along profile A-A’ (profile location indicated by line A-A’ in b). The

cross-section shows only the upper part of the confined aquifer that interacts with the lake, and does

not display the full thickness of the aquifer.”

-About the comment (14): Line 100: Since “Yangtze River (YR)” is used relatively infrequently,

consider using the full name throughout for clarity.

-Response: Thanks for your suggestion. We will revise the manuscript throughout to use the full name,

“Yangtze River.”

-About the comment (15): Figure 1: Figures should be self‑contained. Please define HWL and LGD

in the caption and clarify whether the lake is always connected to the river via groundwater or whether

surface‑water exchange occurs seasonally.

-Response: Thanks for your suggestion. We labeled HW Lake in the figure and explained in the

caption its connectivity with the Yangtze River and with groundwater. In June 2022 and July 2023, HW

Lake was connected to the Yangtze River through a channel, receiving inflow from the river, which led

to higher water levels and an expanded inundated area. In the other months, HWL was isolated from



the Yangtze River, representing the period when LGD occurred.

-About the comment (16): Line 119: Please clarify whether “spring water” and “pore water” refer to

the same samples. If so, use consistent terminology throughout.

-Response: Thanks for your suggestion. In fact, all of these samples were collected from pores within

the lake shoreline zone. The pore water samples were extracted using a push-point sampler, whereas

the spring water samples represent groundwater that emerges through preferential flow paths in the

terrestrial pores of the lake shore under relatively large hydraulic gradients. Fundamentally, these

spring waters also originate from the aquifer or the lake shore pore space and therefore can be regarded

as pore water. Accordingly, we classified all of these samples collectively as pore water.

-About the comment (17): Table 1: Please clarify the meaning of “pore/spring water” in the caption.

Additionally, indicate whether replicate samples were collected and discuss potential uncertainties if

only single samples were obtained.

-Response: Thanks for your questions. In response to the previous comment, we collectively refer to

these samples as pore water. During each field campaign, a single sample was collected, whereas in the

bimonthly monitoring program, pore water samples were collected in each monitoring period. For

uncertainty assessment at individual time points, we adopted the instrumental measurement uncertainty

of approximately 25%, as determined from tests of well water and pore water using a RAD7 equipped

with the H2O accessory. When quantifying LGD using the 222Rn mass balance model, this 25%

uncertainty associated with the groundwater end member was incorporated into the calculations. The

resulting LGD uncertainties are reported as the values following the “±” symbol for each

corresponding estimate.

-About the comment (18): Line 139: Consider reordering this section to first describe ²²²Rn

measurements, followed by TN, TP, and chlorophyll‑a, with other physicochemical parameters

presented as supporting data.

-Response: Thanks for your suggestion. We will revise the order of presentation of these contents

according to your suggestion.

“For 222Rn analysis, the water samples were collected in 250 mL or 2.5 L glass bottles using an



overflow method to eliminate residual air. 222Rn concentrations were quantified using a RAD7 system

(Durridge Company, Inc.) equipped with RAD7-H2O and RAD7 Big Bottle accessories. To reduce the

measurement uncertainty in the lake water samples, the counting time was extended to 60 min per

sample. All 222Rn analyses were completed within 24 h of sampling, using the RAD7 aqueous system.

teAA 
0 (1)

where A0 represents the 222Rn concentration (Bq·m-3) at the sampling time; A represents the 222Rn

concentration (Bq·m-3) at the measurement time; λ represents the decay coefficient of 222Rn, 0.181 d-1;

and t represents the time interval (d) between sampling and measurement. The uncertainty in 222Rn

testing for lake water was approximately 35%, and the uncertainty in 222Rn testing for groundwater is

approximately 25%.

The samples for total nitrogen (TN) and total phosphorus (TP) analysis were field-filtered using a

0.45 μm membrane filter and then stored in 30 mL polyethylene bottles and 20 mL brown screw-cap

glass bottles, respectively. The TP samples were acidified with concentrated HNO3 to a pH below 2,

sealed, and subsequently analyzed using an inductively coupled plasma optical emission spectrometer

(ICP-OES, iCAP 6000 series, Thermo Fisher Scientific, USA) at the School of Environmental Studies,

China University of Geosciences (Wuhan), with a detection limit of 0.001 mg·L-1. TN samples were

analyzed using a total organic carbon/nitrogen analyzer at the Wuhan Botanical Garden, Chinese

Academy of Sciences, with a detection limit of 0.01 mg·L-1. Chl a concentrations were determined

immediately after sampling using an AquaFluor fluorometer, with a detection limit of 0.5  μg·L-1.

Water quality parameters, including pH, temperature, DO, ORP, and EC, were measured in situ using a

HACH-HQ40D multi-parameter probe.”

-About the comment (19): Line 148: Please consider adding a supplementary figure showing

temporal changes in ²²²Rn and the fitting of Equation (1), along with an explanation of how uncertainty

was quantified.

-Response: Thanks for your suggestion. We understand your concern. However, under the framework

and experimental conditions of this study, the suggested approach is difficult to implement in practice.

The radioactive decay relationship described in Equation (1) was proposed by Ernest Rutherford and

Frederick Soddy in 1902 and represents a fundamental law in classical nuclear physics. This equation is

applicable under the following assumptions: (a) a single radionuclide; (b) a decay process that is



independent of environmental conditions; (c) no external input or chemical production; and (d) a closed

system. In this study, 222Rn was sampled using sealed glass bottles and analyzed within 24 h, with only

time-based decay correction applied, fully satisfying these conditions.

The measurement procedure is as follows. The sampling time was recorded during sample

collection, and the measurement time was recorded during analysis. Based on the time interval between

sampling and measurement, Equation (1) was used to correct the measured 222Rn concentration for

radioactive decay. During field campaigns, samples were typically collected during the daytime and

analyzed indoors in the evening; the time interval between these two steps corresponds to the actual

radioactive decay period of the samples. In principle, in situ measurement of radon concentrations

would be ideal; however, due to limitations related to field conditions, equipment, and logistics, in situ

measurements were not feasible in LGD study. Except for investigations targeting local (point-scale)

LGD, all studies using radon as a tracer are unable to measure radon concentrations in situ and

therefore correct the measured 222Rn concentrations using decay equations.

Regarding your suggestion to fit Equation (1), this is also difficult to achieve in practice. On the

one hand, Equation (1) is a fundamental law of classical nuclear physics rather than an empirical fitting

relationship. On the other hand, a large number of samples were collected during each sampling

campaign. If a total duration of 24 h were considered, with measurements conducted every 4 h to

obtain seven time points for fitting Equation (1), each individual sample would need to be measured

seven times. Given that each measurement requires approximately 1–1.5 h, at least 7 h would be

needed to obtain a complete dataset for a single sample. As each lake-wide campaign involved 32

samples, this approach would require approximately 224 h per campaign, which is operationally

impractical.

With respect to uncertainty, it primarily originates from instrumental measurement errors

associated with the RAD7 radon detector. The RAD7 measurement protocol involves 4–9 repeated

measurements of the same sample, with the final concentration reported as the average of these

measurements and the associated uncertainty determined from the standard deviation of the repeated

results. For groundwater samples, which typically exhibit relatively high radon concentrations, four

measurements of a 250 mL sample using the RAD7-H2O system are sufficient to reduce the uncertainty

to within approximately 25%. In contrast, for lake water samples with lower radon concentrations,

larger sample volumes and a greater number of repeated measurements are required to further reduce



uncertainty. Accordingly, this study employed the RAD7 system combined with the Big Bottle

accessory, conducting nine repeated measurements for lake water samples, thereby reducing the

uncertainty to approximately 35%.

It should be noted that the magnitude of this uncertainty depends on the background radon levels

of the local water bodies as well as the selected instrument operating modes. In the quantification of

LGD, we incorporated 222Rn measurement uncertainties of approximately 35% for lake water and 25%

for groundwater, together with uncertainties from other relevant parameters, through uncertainty

propagation analysis. The resulting uncertainties are reported as the values following the “±” symbol

for each LGD rate estimate.

-About the comment (20): Line 162: A simplified conceptual diagram illustrating water and isotope

fluxes among the lake, groundwater, sediments, and atmosphere would greatly aid reader

understanding.

-Response: Thanks for your suggestion. We will add a conceptual model figure to help readers better

understand the treatment of the lake as a radon box and to clearly illustrate the relationships among its

source and sink terms. This figure will be included in the Supporting Information and labeled as Figure

S1.

Figure S1. Conceptual diagram of source and sink terms in the lake 222Rn mass balance model.

-About the comment (21): Line 168: Briefly summarize how ²²²Rn data were used to estimate Fg, Fd,

and Fa in the main text before referring readers to the Supplement.

-Response: Thanks for your good suggestion. We will add an overview of these calculation procedures



to the main text.

“The measurement times before and after sampling were the first day and the last day of the sampling

period, respectively. Since there is almost no difference in the lake water level and 222Rn concentration

at the same location before and after sampling, the change in the 222Rn in lake water on the left side of

the equation can be approximated as 0 (Kluge et al., 2007; Dimova et al. 2013; Liao et al., 2022).

The 222Rn flux diffused from the sediment to the lake is one source of the 222Rn mass balance

model, and it is calculated by the following formula (Wang et al., 2020):

  wmd CCnDRnF  p
222

(3)

where Cp (Bq·m-3) and Cw (Bq·m-3) are 222Rn concentrations of pore water in sediments and overlying

lake water, respectively; Dm (cm2·s-1) is the 222Rn molecular diffusion coefficient in wet bulk

sediment (Boudreau, 1996; Cable et al., 1996; Schulz, 2006), n is the porosity of the sediment.

To determine the 222Rn concentrations in sediment pore water, a sediment equilibrium incubation

experiment was carried out following the procedure proposed by Corbett et al. (1998). The Dm is

expressed as:
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where Tw is water temperature (℃). An equilibrium incubation experiment with lakebed sediments was

carried out to obtain the 222Rn concentration in sediment pore water (Corbett et al., 1998).

The atmospheric loss of 222Rn is estimated based on the following empirical equation, which is

related to temperature and wind speed (MacIntyre et al., 1995; Schmidt and Schubert, 2007; Dimova

and Burnett, 2011):

 aw CCKF αa  (5)

where K values are in cm h-1 but have been scaled to m d-1 for input into Eq. (1); Cw is the

concentration of lake water 222Rn (Bq·m-3); Ca is the concentration of 222Rn in the air (Bq·m-3); α is the

gas distribution coefficient (dimensionless) and is a temperature dependent function (Burnett and

Dulaiova, 2003);

Generally, 222Rn from the decay of dissolved 226Ra can be omitted for 222Rn mass balance model

(Yi et al., 2018). ”

-About the comment (22): Lines 181–230: Many results sections would benefit from beginning with a



brief statement of the key observation or takeaway before presenting detailed data.

-Response: Thanks for your good suggestion. we will add a brief summarizing sentence at the

beginning of the relevant paragraph.

-About the comment (23): Figure 2: Please clarify what the symbols, lines, and bars represent in

panels (c) and (d), as these plots are difficult to interpret.

-Response: Thanks for your good suggestion. In (c) and (d), the top and bottom of each box represent

the 75th and 25th percentiles of the data, respectively; the ends of the whiskers indicate the maximum

and minimum values within 1.5 times the interquartile range; the small white square inside the box

denotes the mean; the side curves illustrate the data’s dispersion and distribution pattern; the dark blue

dashed line connects the mean values across different periods. We will add the following content to the

caption of Figure 1.

-About the comment (24): Table 2: Consider presenting key results graphically (e.g., bar plots) in the

main text or Supplement to improve readability.

-Response: Thanks for your good suggestion. We converted the 222Rn source and sink fluxes from

Table 2 into a figure to better compare the different periods. This figure is included in the SI and is

labeled as Figure S2.

Figure S2. The 222Rn source and sink fluxes in different periods.

-About the comment (25): Lines 254 and 273: The quadratic fitting is based on only five data points

and may be statistically fragile unless supported by a physical justification. Please clarify the rationale

or temper the interpretation.



-Response: Thanks for your good question. Indeed, we only have five data points, so the robustness

may be limited, and we will provide a specific note on this point. Given the small sample size, the

statistical robustness of this fit is limited; therefore, the results are primarily intended to provide a

reference for the trend of LGD rates within the hydrological year rather than precise predictions. In fact,

under the observed conditions where lake and groundwater level fluctuations are relatively small, the

monthly variation of LGD follows a predictable “increase followed by decrease” pattern. The fitted

curve is only used to interpolate LGD rates for unobserved months, and the predicted values fall

between the two measured months, which we consider suitable as a reference for trend analysis.

-About the comment (26): Line 335: The contrasting behavior of TN and TP warrants mechanistic

discussion (e.g., redox sensitivity, sorption, or biogeochemical controls), rather than only reporting

observed differences.

-Response: Thanks for your good suggestion. The TP load carried by LGD is typically calculated as

the product of LGD rate and TP concentration in groundwater. In the current manuscript, this load is

reported to be “primarily controlled by groundwater TP concentration” rather than LGD rate, mainly

because the seasonal variability of TP concentration is generally larger than that of LGD rate. To

investigate the mechanisms driving TP concentration dynamics, we further examined key

hydrogeochemical parameters, including electrical conductivity (EC), dissolved oxygen (DO), and

redox potential (Eh) (Table S3). Based on monitoring data from August 2022 to April 2023, the TP

dynamics can be roughly divided into three stages:

(1) Aug–Dec 2022 (TP rise followed by decline): During this period, Eh increased markedly from

−97.43 mV to −56.24 mV, and DO rose from 1.24 to 2.60 mg·L-1, indicating rapid aquifer oxidation. In

the early oxidation phase (up to October), “oxidative dissolution” of phosphate-bearing minerals may

have temporarily elevated TP to 2.00×10-2 mmol·L-1. Subsequently, strong oxidative conditions

promoted the formation of iron and manganese oxides, which adsorbed phosphorus. Although EC

increased from 823.83 to 942.61 μS·cm-1, suggesting an increase in competitive anions, adsorption

dominated, and TP ultimately declined to the monitoring minimum of 6.46×10-3 mmol·L-1 by

December.

(2) Dec 2022–Feb 2023 (TP increase): Eh continued to rise substantially to −27.26 mV, and DO

remained relatively high at 2.29 mg·L-1, indicating that the system had not returned to a reducing state.



The TP peak (2.19×10-2 mmol·L-1) during this stage was therefore not due to reductive release. Instead,

it was primarily driven by external phosphorus inputs associated with enhanced precipitation and

agricultural activities. Meanwhile, EC reached the monitoring-period maximum of 973.69 μS·cm-1,

indicating the influx of high concentrations of dissolved salts. These competitive anions may have

temporarily weakened sediment phosphorus retention, jointly contributing to the TP increase.

(3) Feb–Apr 2023 (TP decline): Oxidative conditions intensified further, with Eh and DO reaching

the monitoring-period maximum values of −13.94 mV and 3.58 mg·L-1, respectively. Strong oxidative

adsorption dominated once again, effectively removing most of the previously input phosphorus.

Despite EC remaining high (961.83 μS·cm-1), TP concentration declined substantially to 8.24×10-3

mmol·L-1 by April.

Overall, the fluctuations in TP concentration reflect the combined effects of internal adsorption

and fixation, external input pulses, and geochemical competition (as indicated by EC changes) under a

macro-scale context of aquifer oxidation driven by declining water levels (Eh and DO continuously

increasing).

Table S3. EC, DO and Eh values in groundwater for each sampling period.
Date Groundwater EC (μS·cm-1) Groundwater DO (mg·L-1) Groundwater Eh (mv)

08/2022 823.83 1.24 -97.43
10/2022 920.44 1.41 -81.26
12/2022 942.61 2.6 -56.24
02/2023 973.69 2.29 -27.26
04/2023 961.83 3.58 -13.94

To avoid making this section overly long in the main text, we have simplified and integrated it into the

manuscript, with detailed information provided in the Supporting Information (SI).

“Based on Eh, DO, and EC results (Table S3), TP concentration fluctuations likely result from the

combined effects of internal adsorption and fixation, external input pulses, and geochemical

competition under the background of an oxidation-enhanced environment driven by declining water

levels (Eh and DO continuously increasing). For a detailed analysis, see the SI.”

-About the comment (27): Line 363: Since the role of TN/TP ratios in controlling chlorophyll‑a is

well established, please clarify whether this represents a new finding or how the present results extend

prior knowledge.

-Response: Thanks for your good suggestion. The control of chlorophyll‑a by the TN/TP ratio is not a



new finding; however, the regulation of lake TN/TP ratios by groundwater represents a novel discovery.

Previous studies on lake TN/TP ratios have rarely considered the influence of groundwater. Even in

studies that did include groundwater, they only noted differences in N:P ratios between groundwater

and lake water and regarded groundwater as a potential factor affecting lake TN/TP, without providing

direct evidence that groundwater N:P ratios indeed influence lake TN/TP. More importantly, studies

systematically investigating how groundwater N:P ratios affect lake TN/TP and, in turn, control

chlorophyll‑a in lake water are extremely scarce. Therefore, this study presents clear novelty and

represents a new discovery.

-About the comment (28): Line 378: Given that high‑frequency sampling is the main advance, the

discussion should focus more on what new insights this temporal resolution provides relative to prior

sparse observations in closed lakes.

-Response: Thanks for your good suggestion. We greatly appreciate your suggestion. In the

“Implications” section of the manuscript, we have added a discussion regarding high-frequency

sampling.

“Traditional low-frequency sampling (e.g., single or quarterly measurements) has difficulty capturing

short-term variations in LGD and its coupling with short-term meteorological conditions and

water-level fluctuations. High-frequency observations can capture LGD responses to environmental

factors such as meteorology and water temperature over relatively short timescales, and provide

higher-resolution hydrological time series, thereby supplying reliable data for accurate estimation of

LGD rates. In addition, high-frequency observations can record the short-term contributions of LGD to

lake N and P inputs, enabling more precise flux assessments, avoiding biases associated with

low-frequency sampling, and revealing the response relationships between LGD and Chl a

concentrations or algal bloom events. Based on high-frequency data, LGD predictive models that

account for the coupling of meteorological and hydrological factors can also be developed. Therefore,

in LGD research, high-frequency observations are of significant value for accurately quantifying the

impacts of groundwater on lake aquatic ecosystems and should be given priority.”

-About the comment (29): Line 399: The manuscript suggests TN/TP ratio is more influential than

absolute concentrations. Please discuss the implications of this finding.



-Response: Thanks for your good suggestion. In lake eutrophication management, while controlling

the absolute concentrations of nitrogen and phosphorus is important, the N:P ratio (TN/TP) also plays a

critical role. When the TN/TP ratio is low (relatively low nitrogen and high phosphorus), the water

body is nitrogen-limited (N-limitation), and the growth of phytoplankton is constrained by nitrogen

availability, even if phosphorus is abundant. Conversely, when the TN/TP ratio is high (relatively high

nitrogen and low phosphorus), the water body is phosphorus-limited (P-limitation), and phytoplankton

growth is constrained by phosphorus availability, even if nitrogen is sufficient. Therefore, the

accumulation of chlorophyll a depends not only on the absolute concentrations of nitrogen or

phosphorus but also on the N:P ratio and its influence on the type of nutrient limitation. In lake

management and protection, it is essential first to identify the nutrient limitation type of the lake to

implement targeted nitrogen and phosphorus reduction strategies.

We will incorporate these points into the revised manuscript.

“In lake eutrophication management, Chl a accumulation is governed not only by the absolute

concentrations of nitrogen and phosphorus but also by the TN/TP, which determines the dominant type

of nutrient limitation. Low TN/TP indicate nitrogen limitation, whereas high TN/TP indicate

phosphorus limitation. Given that present study has shown that groundwater can significantly alter lake

TN/TP, its influence should be explicitly considered when identifying nutrient limitation mechanisms

and developing targeted nitrogen and phosphorus reduction strategies.”

-About the comment (30): Line 399 and elsewhere: Please use consistent terminology for

“chlorophyll‑a” or “Chl a” throughout.

-Response: Thanks for your good suggestion. In the revised manuscript, we will standardize the term

to “Chl a”.

-About the comment (31): Line 414: The conclusions should be revised to more clearly highlight new

insights enabled by high‑frequency observations and their implications for understanding and

managing closed‑lake systems.

-Response: Thanks for your good suggestion. We will revise the conclusion section to highlight the

role and implications of high-frequency monitoring.

“These findings offer new insights into eutrophication control in closed, shallow lakes, and suggest that



the advantages of high-frequency LGD observations should be incorporated into lake management

frameworks, along with the development of targeted control strategies during critical periods of

groundwater–lake interactions.”


	“3.4.1 Advantages of high-frequency observations i

